We report on a patient with long-standing severe autonomic failure that affected his sympathetic and parasympathetic nervous systems. Antibodies against the ganglionic acetylcholine receptors were detected in the serum. Removal of the antibodies by means of plasma exchange resulted in a dramatic clinical improvement.
painful abdominal distention, and severe constipation had resulted in weight loss. A partial smallbowel resection performed for suspected bowel obstruction was not beneficial. Surgery for retrograde ejaculations also failed to alleviate his symptoms. There was no history of an acute illness preceding this disorder, and there was no family history of autonomic dysfunction. Known secondary causes of autonomic failure had been ruled out. On physical examination he weighed 55 kg (with a body-mass index, defined as the weight in kilograms divided by the square of the height in meters, of 18.5) and had warm, dry skin. His pupils were dilated and unresponsive to light. The abdomen was painfully distended with sparse bowel sounds and a tympanic percussive sound. Imaging studies showed a grotesquely dilated ascending and transverse colon that had displaced the liver to the far left abdomen, with the stomach wedged between liver and spleen. Gastrointestinal passage, as determined by the ingestion of radiopaque pellets, was profoundly delayed.
antibody detection
Serum samples for antibody studies were collected before, during, and after treatment. Antibodies binding to neuronal ganglionic acetylcholine receptors were detected by a radioimmunoprecipitation assay. 9 This assay uses a solubilized acetylcholine receptor from a human neuroblastoma cell line (IMR-32) that is labeled with a high-affinity radioligand, 125 I-labeled epibatidine. The antigen-binding capacity of serum is expressed in nanomoles of 125 I-epibatidine-receptor complexes precipitated per liter of serum. The upper limit of the normal range in serum is 0.05 nmol per liter.
plasma exchange and immunosuppression
Three liters of plasma was removed during each session through an 11-French double-lumen catheter with the use of a hollow-fiber plasma filter (PF 1000 N, Gambro). We replaced the removed plasma with 2.5 liters of 5 percent human albumin and 0.5 liter of fresh-frozen plasma. Because of relapses, the patient underwent repeated courses of plasma exchange. Each treatment consisted of plasma exchange on four consecutive days. After the second relapse, we started treatment with prednisolone (at a dose of 60 mg per day) and azathioprine (at a dose of 100 mg per day). Over time, the doses were reduced to 5 mg of prednisolone per day and 50 mg of azathioprine per day.
autonomic function testing
Arterial blood pressure was measured continuously with the use of a radial-artery catheter. The heart rate was monitored with the use of electrocardiograms (Hewlett-Packard). The respiratory sinus arrhythmia ratio was determined as the ratio between the shortest and longest RR intervals during deep breathing paced at 6 Hz. For the Valsalva maneuver, the patient exhaled forcibly into a manometer, maintaining a pressure of 40 mm Hg for 15 seconds. For the handgrip test, the patient squeezed a rubber ball with 30 percent of his maximal voluntary force. During the cold pressor test, the patient's right hand was immersed in a 1:1 mixture of ice and water for one minute. We assessed saliva production by measuring the increase in the weight of cotton swabs that were placed in the patient's mouth for five minutes. 10 To assess orthostatic hypotension, the patient rested supine for at least 10 minutes, then stood and remained motionless until symptoms occurred. Microneurography at the peroneal nerve was performed as previously described. 11
pharmacologic testing and baroreflex sensitivity
While monitoring arterial pressure, we infused incremental bolus doses of intravenous phenylephrine or nitroprusside until a change in the systolic blood pressure of 25 mm Hg occurred. 12 Baroreflex sensitivity was determined as the slope of the regression line of changes in blood pressure and corresponding changes in RR intervals.
confocal fluorescence microscopy IMR-32 cells express neuronal ganglionic acetylcholine receptors. These cells were cultivated in 80 percent RPMI 1640 medium supplemented with 20 percent fetal-calf serum in chamber slides (Nunc). For measurements of intracellular calcium, cells were incubated with 5 µM acetoxymethyl ester for 15 minutes at 37°C, followed by two rinses and an additional incubation for 10 minutes. Measurements were performed on a confocal microscope (FluoView, Perkin-Elmer) with 488 nm excitation-collecting emission at 525 nm every second. We determined the intracellular calcium response of 0.1 µM acetylcholine in the presence and absence of serum with a known antibody concentration. We tested the effect of the patient's antibodies on cholinergic responses of IMR-32 cells in vitro. The addition of 0.1 µM acetylcholine induced a rapid increase in the level of intracellular calcium in these cells (Fig. 1 ). This response was attenuated when serum containing 0.001 ng of anti-ganglionic acetylcholine receptor antibodies per milliliter was added to the cells, and it was virtually abolished with the addition of serum containing 0.1 ng of the antibodies per milliliter. Incubation of the cells with serum obtained from a normal control subject produced no change in the intracellular calcium response to acetylcholine. Figure 2 depicts concentrations of anti-ganglionic acetylcholine receptor antibody and orthostatic hypotension over 12 months and four courses of plasma exchange. The antibody concentrations were directly correlated with decreases in orthostatic blood pressure (r 2 =0.41, P<0.001 for systolic blood pressure; and r 2 =0.51, P<0.001 for diastolic blood pressure) and correlated inversely with increases in orthostatic heart rate (r 2 =0.33, P=0.002). The mean concentration of anti-ganglionic acetylcholine receptor antibody before the plasma exchange was 0.54±0.02 nmol per liter (10 times the upper limit of the normal range), a value consistent with autoimmune autonomic neuropathy. 9, 13 During the course of the plasma exchange, the antibody concentrations decreased progressively to values within the normal range (0.25±0.03, 0.12±0.02, 0.05±0.01, and 0.03±0.01 nmol per liter after days 1, 2, 3, and 4, respectively). With decreasing antibody concentrations, the orthostatic hypotension was markedly reduced and the orthostatic heart rate increased. After the third day of plasma exchange, the patient noticed improved orthostatic tolerance and had some return of sweating. After the fourth day, the symptoms had resolved completely. Dryness of the mouth and eyes improved, as did urinary hesitancy. Ejaculation became antegrade. The day after the last plasma exchange, the patient noticed "rumbling" in his abdomen, and the gastric distention and abdominal pain subsequently were relieved.
Before the plasma exchange, the heart rate did not change with deep breathing or during the Valsalva maneuver. The blood pressure decreased profoundly during phase II of the Valsalva maneuver. During phase IV, the pressure overshoot was absent. The handgrip test and the cold pressor test did not elicit a pressor response. Blood pressure was 137/72 mm Hg in the supine position and 40/20 mm Hg after standing for 30 seconds (Fig. 3A) . While the patient was supine, the norepinephrine plasma con- centration was very low (0.23 nmol per liter [38.9 pg per milliliter]). The patient was very sensitive to pharmacologically induced changes in blood pressure. The dose of phenylephrine that increased systolic blood pressure by 25 mm Hg was 28 µg. The dose of sodium nitroprusside that decreased blood pressure by 25 mm Hg was 0.2 µg per kilogram of body weight. Pharmacologically induced changes in blood pressure did not elicit an adequate compensatory baroreflex-mediated heart-rate response. The baroreflex slope was 0 msec per millimeter of mercury. Saliva production was low (0.25 g within five minutes). No muscle sympathetic-nerve activity was recorded at the peroneal nerve. One week after the plasma exchange, the patient's blood pressure was 132/68 mm Hg in the supine position and 119/64 mm Hg after one minute standing (Fig. 3B) . The heart rate increased appropriately, and the patient was able to stand upright for more than 15 minutes without symptoms. The supine norepinephrine concentration had increased by a factor of three (0.76 nmol per liter [128.7 pg per milliliter]). Responses to the Valsalva maneuver were normal after the plasma exchange. Also after the plasma exchange, isometric handgrip elicited an increase in blood pressure of 20/17 mm Hg. The respiratory sinus arrhythmia ratio and cold pressor response remained abnormal. The doses of phenylephrine and nitroprusside that changed the systolic blood pressure by 25 mm Hg were 95 µg and more than 1.0 µg per kilogram, respectively. Both drugs elicited baroreflex-mediated changes in the heart rate. The baroreflex sensitivity had increased to 6 msec per millimeter of mercury. Saliva production had increased by a factor of four (1.1 g within five minutes). Minimal burst activity was recorded at the peroneal nerve (data not shown).
Four weeks after the first course of plasma ex- change, the patient's symptoms gradually recurred. The patient underwent a second course with similarly good clinical and serologic responses. After a second relapse, we started immunosuppressive therapy with prednisolone (at a dose of 60 mg per day) and azathioprine (100 mg per day) and performed two more courses of plasma exchange. The clinical improvement with plasma exchange lasted eight months before a fourth course became necessary.
Our patient's history was remarkable for the progressive worsening of his symptoms over a period of more than 20 years. The type and severity of the autonomic deficits were typical of autoimmune autonomic neuropathy and affected both sympathetic and parasympathetic functions. Signal transmission between the first and second neuron in both the sympathetic and parasympathetic branches relies on the same nicotinic acetylcholine receptors. The ganglionic acetylcholine receptor is a pentameric transmembrane complex usually consisting of two acetylcholine receptor subunits in combination with three acetylcholine receptor beta subunits. This acetylcholine receptor is a ligand-gated ion channel that mediates fast synaptic transmission in all peripheral autonomic ganglia. It is genetically and immunologically distinct from the acetylcholine receptor at the neuromuscular junction, which consists of two acetylcholine receptor alpha-1 subunits in combination with beta-1, delta, and epsilon subunits.
These differences explain why autonomic dysfunction is rare among patients with myasthenia gravis, 14 and conversely, why our patient did not have skeletal-muscle weakness. Studies in animals showed that anti-ganglionic acetylcholine receptor antibodies can interrupt sympathetic and parasympathetic traffic, essentially acting as endogenous discussion Before plasma exchange, the blood pressure decreased profoundly when the patient was standing, without a compensatory increase in heart rate (beats per minute [bpm]). After 30 seconds, the patient had to sit because of presyncopal symptoms. After plasma exchange, the blood pressure decreased only mildly after standing and the heart rate increased adequately. The patient was able to stand for more than 15 minutes without symptoms. Shading indicates when the patient was standing. The response in our patient to large-volume plasma exchanges supports the notion that primary autoimmune autonomic failure is directly caused by anti-ganglionic acetylcholine receptor antibodies and that the immunologic ganglionic blockade is potentially reversible. Plasma exchange improved both sympathetic and parasympathetic responses. In particular, upright blood pressure was better maintained and the patient's ability to stand increased dramatically. The improvement in orthostatic blood pressure and heart-rate regulation correlated with the decrease in the levels of antiganglionic acetylcholine receptor antibodies. Before plasma exchange, the patient was highly sensitive to pharmacologically induced changes in blood pressure with phenylephrine or sodium nitroprusside. Removal of the antibodies attenuated this sensitivity and was accompanied by improved baroreflex regulation of the heart rate. The response in our patient to plasma exchange supports the idea that he was indeed a "hexamethonium man." Ganglionic blockade by ganglionic anti-ganglionic acetylcholine receptor antibodies should be recognized as a cause of severe autonomic failure, and patients with autonomic failure that is not otherwise explained should be tested for presence of anti-ganglionic acetylcholine receptor antibodies.
